Protoplasm separated from disrupted cells of gram-negative bacteria was extracted with hot phenol-water or was precipitated with ethyl alcohol after digestion with Pronase. These methods recovered about 10 times more endotoxin than was detectable in the untreated protoplasm. Inactivation of endotoxin by protoplasm also occurred in vitro when the endotoxin was first dissociated into subunits before reaction with protoplasm. Despite this increased yield from another source, the major proportion of endotoxin was still found in the cell walls.
Most of the endotoxin in Escherichia coli and Salmonella enteritidis is contained in their cell walls (3, 6, 8) . However, materials which cannot be accounted for by contaminating cell walls are present in the dispersed fraction of disrupted cells, here designated "protoplasm" (7) , and have immunological and biological activities similar to those of endotoxins. For example, Weibull et al. (13) characterized an endotoxin extracted from the protoplasm of Proteus mirabilis by the phenolwater procedure. Also, although it was not specifically pointed out in the report (13) , appropriate calculations with the data indicated that the total amount of endotoxin which could be extracted from the protoplasm exceeded by several times that which could be detected by bioassay of the whole, untreated protoplasm. That is to say, endotoxin appeared to be generated by the extraction procedures.
We here report studies on the protoplasms of E. coli and S. enteritidis which show that endotoxin in protoplasms of several enterobacteria is present partially in an inactive form. This paper also describes the creation in vitro of preparations from endotoxin and protoplasm which mimic the type of material found naturally in the protoplasm.
MATERIALS AND METHODS
Endotoxins. Four types of preparations were used in this study. One was an aqueous-ether extract and one was a phenol-water extract of whole cells of S.
enteritidis. The other two were phenol-water extracts from cell walls of E. coli 0111 :B4 and E. coli 0113.
The extraction procedures have been described in detail elsewhere (3, 6) .
Protoplasms. Freshly harvested and washed cells of S. enteritidis and E. coli were disrupted in a refrigerated pressure cell; the walls were separated from the protoplasm (3, 7) , and the protoplasms were lyophilized for storage. In some instances, the protoplasms were extracted with cold 0.25 M trichloroacetic acid, dialyzed, and relyophilized (1) .
Extraction of protoplasms. The lyophilized materials were reconstituted to 20 mg/ml in water and extracted at 68 C for 30 min with an equal volume of 88% phenol. After the solution had been cooled for 1 hr in an ice bath and centrifuged at 4 C, the aqueous and phenol phases were separated, dialyzed against water until free from phenol, and lyophilized. In some cases, the protoplasms were dissolved to 20 mg/ml in phosphate-buffered saline (0.0033 M phosphate, 0.15 M NaCl, pH 7.2) containing 1:10,000 (w/v) Merthiolate and were incubated with 1 mg of Pronase (B grade, Calbiochem, Los Angeles, Calif.) per ml for 18 hr at 37 C. The Pronase digest was precipitated at 4 C for 18 hr with six volumes of cold ethyl alcohol; the precipitate was collected by centrifugation, suspended in water, dialyzed, and lyophilized (11, 12) .
Reaction of endotoxin, protoplasm, and sodiun deoxycholate (NaD). When protoplasm was tested for its capacity to modify the pyrogenicity of endotoxin, various combinations of the following materials were dissolved in 10 ml of 0. ,ug contained 645 F140. When this latter value was taken as 100%, it was found that the alcohol precipitate of the Pronase digest (preparation 2) of 200 mg of protoplasm contained 905% of the original FT40 content, even though the yield was only 11.1 mg. As a control, when 200 mg of the protoplasm was only precipitated with alcohol, 169% of the FI40 content was recovered. Aqueousphenol extraction of 200 mg of protoplasm yielded only 7 mg of material (preparation 4), but these 7 mg contained 7,220 F140, or 1,120% of those demonstrable in the original protoplasm. The phenol residue (preparation 5) had about the same FT40 content as the 200 mg of original protoplasm. Thus, about 10 times more biologically active material could be extracted from, than could be detected in, the original protoplasm. This same trend also holds for the remaining four protoplasms. The last three starting materials (preparations 22, 25, and 28) were residues of protoplasms from which the nontoxic native protoplasmic polysaccharide (10) had been extracted previously by trichloroacetic acid (1) . Extraction of these residues with phenol-water resulted in the recovery of highly biologically active materials containing several times more endotoxin than would have been predicted from the endotoxic activity of the whole residue.
These results indicated that part of the endotoxin in the protoplasm was present in an inactive form. Because both aqueous-phenol extraction and Pronase digestion activated this endotoxin, and both procedures are known to remove protein from endotoxin, it was inferred that the endotoxin was bound by protoplasmic constituents, probably proteins. To test this hypothesis, endotoxin was incubated with various protoplasms at different temperatures for times up to 18 hr. In no case could any inactivation of endotoxin be detected. Examples of this lack of inactivation are seen in fever curves E and F of Fig. 1 .
Previously, it was found that NaD dissociated endotoxin to subunits which were not pyrogenic. However, if the endotoxin-NaD mixture was diluted below a minimally effective concentration of surfactant, normal pyrogenicity was restored (5, 9) . This is shown in curves A and B of Fig. 1 . Addition of small amounts of human plasma to the NaD-dissociated endotoxin would block the acquistion of pyrogenicity when the mixture was diluted in saline. It was postulated that substances in the plasma bound to the endotoxin subunits and prevented their reaggregation into pyrogenic elements (5, 9) . In the present investigation, substances which would bind to the NaD-produced subunits of endotoxin were sought in the protoplasm. Curves C and D of Fig. 1 demonstrate that, indeed, the pyrogenicity of endotoxin could be partially inactivated in this manner. Reduction in fever indices from 40 to 20 indicated a 10-fold reduction in the pyrogenicity of endotoxin as judged by the known slope of the febrile response. Other examples of this inactivation of endotoxin by NaD and protoplasm are given in Fig. 2 . Figure 2 also shows that different combinations of dissociated endotoxin and protoplasm do not result in the same degree of inactivation of endotoxin. Additional investigations have shown no correlation between species homology of the sources of endotoxin and protoplasm and the degree of inactivation obtained.
DISCUSSION The foregoing results demonstrate that the protoplasms of S. enteritidis and E. coli contain endotoxin in an inactive form, and they suggest that subunits of endotoxin bound to protoplasmic proteins are a likely form for the inactive material. It should be pointed out that the method of preparation of the protoplasm results in solubilization of the cytoplasmic membrane (13) . Thus, the protoplasms described in this report probably contain the cytoplasmic membrane, cytoplasm, and nuclear material. The work of Weibull et al. (13) with stable L-forms of Proteus suggests that the precursors of endotoxin may be in the cytoplasmic membrane. It would seem likely, therefore, that the immediate precursors to endotoxin in E. coli and S. enteritidis are similar to the surfactant-produced subunits of endotoxin (5, 9) and are bound to constituents of the cytoplasmic membrane.
It has been a universal observation that endotoxin extracted from a given weight of cells by any of several methods exerted greater toxicity, in most assays, than an equivalent weight of the untreated cells. Likewise, a soluble extract from clean cell walls, constituting about 25% of the weight of the walls, was found to be more than 20 times as toxic as the untreated walls (4). These observations have usually been explained on the basis of particle size: the much finer dispersion of extracted endotoxin should reach many more receptors at once and produce a correspondingly greater effect. Under the conditions of our experiments, however, the protoplasm was a welldispersed, essentially soluble material, and any endotoxin present was thought to be free to act in much the same way as extracted endotoxin. It is evident from the foregoing results that such is not the case, but there is no reason to attribute the depressed activity to greater particle size. We postulated that partial inactivation of the protoplasmic endotoxin was brought about by binding to protoplasmic proteins. Such may also be the case for endotoxin in the cell wall (cf. 14).
It is noteworthy that trichloroacetic acid extraction of protoplasm does not remove an appreciable amount of endotoxin, since this is one of the classical methods used for extraction of endotoxin from whole bacteria (2) . Previous reports have shown that trichloroacetic acid extraction of E. coli protoplasm removes, almost quantitatively, the nontoxic 0-specific native polysaccharide (1). However, the present report demonstrates that the trichloracetic acid-insoluble material in the protoplasm still contains most of the "protoplasmic endotoxin." This finding poinfs out a further dissimilarity between the native protoplasmic polysaccharide and endotoxin, in addition to those already indicated (10) . It was stated above that the majority of endotoxin in certain gram-negative bacteria is contained in the cell walls. The data reported herein support this assertion. For example, when the protoplasm was first extracted with trichloracetic acid to remove the nontoxic protoplasmic polysaccharide and then extracted with aqueous phenol, the yields of endotoxin were about 1 %,. In contrast, yields from cell walls were 4 to 5 % of the total cell weight of E. coli (3) and 6 to 9% of S. enteritidis (6, 8) . Thus, on the average, the cell wall contained about four times more endotoxin than did the protoplasm.
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